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WIND-TUNNEL TESTS OF A TWIN-ENGINE MODEL TO DETERMINE THE 
EFFECT OF DIRECTION OF PROPELLER ROTATION ON THE 
STAT I C- STABI LITY CHARACTERI ST I CS 
By Francis M. Rogallo and Robert S- Swanson 



SUMMARY 



Te^.ts were made in the LMAL 7- "by 10-foot tunnel to 
determine the effect of direction of propeller rotation 
on the static longitudinal- and lat eral- stability 
characteristics of the l/lO-scale model of the North 
American 3-28 airplane. 

The results of the present investigation indicate 
that the mode of propeller operation has a considerable 
effect upon lateral and longitudinal stability and may 
have an effect upon propulsive efficiency. The "best mode 
of rotation from consideration of stability is dependent 
upon the flight condition and also upon the configuration 
of the airplane. 

INTRODUCTION 



Tests were made in the LI£AL 7- by 10-foot tunnel to 
determine the effect of the direction of propeller rota- 
tion on the effective thrust coefficients and the static 
longitudinal- and lat eral- stability characteristics of 
the l/lQ-scale model of the North American XB-28 airplane, 
laost of the tests were repeated with each of three modes 
of propeller rotation: tips of both propellers coming up 
in the center (designated Pll^2r) ■ Wp* °~ both propellers 
going down in the center (PlRp2L^» an< * right-hand rotation 
of both propellers (PifiPjgR)* Power-on st at ic- stabi lity 
tests were made of the wing alone, of the wing and fuselage, 
and of the wing, fuselage, and tail with the model in the 
high-speed condition and in the landing condition.. With 
the model in the landing condition, high- lift flaps were 
added below and ahead of the ailerons to simulate a full- 
span duplex-flap arrangement. (See reference 1.) A few 
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power-off tests were made of the ailerons in c ombinat ion 
with this flap arrangement. 

Four additional tests were made to indicate the effect 
of mode of propeller rotation upon effective thrust coef- 
ficients. A "brief discussion of the test results is included. 

It is desired to acknowledge the courtesy of North 
American Aviation, Inc., in making their model available for 
this investigation after the completion of the original 
program for the model. 

MODEL 



The, l/lO- scale model of the North American X3-28 airplane 
was furnished "by IJorth American Aviation, Inc. and no attempt 
was made to check its dimensions. The propeller modes and 
the model designations used in this report are those of North 
American Aviation, Inc. A three-view drawing of the complete 
airplane without the duplex flaps indicated is shown in fig- 
ure 1. In figure 2(a) a three-quarter front view of the 
complete model with duplex flaps deflected, landing gear ex- 
tended, and propellers on is shown mounted in the tunnel. 
Figure 2(h) is a three-quarter rear view of the model in the 
same condition. In figure 3(a) is shown a three-quarter 
front view of the wing with duplex flaps deflected, split 
flap deflected over the center section normally covered "by 
fuselage (only a few wing-alone landing-condition tests were 
run with split flaps in the center section), landing gear 
extended, and propellers on as mounted in the tunnel. In 
figure 3(b) is shown the same model configuration hut from a 
three-quarter rear view. A typical section of the outboard 
flap of the duplex flap arrangement is shown in figure 4. 

The fuselage fillets were made of fillet wax. The angle 
of attack of the reference line was determined by means of 
leveling bar furnished with the model. The flap and control- 
surface deflections were set by means of templets. The 
propel ler- blade angles at the 7 5-p er c ent- radiu s station were 
set by means of a protractor. The turrets and the periscopes 
were not installed. 

OPERATING PROCEDURE 

No equipment was readily available to measure the 
torque or power output of the model motors. ?or this reason 
the only power parameters determined were the propeller-blade 



angle, the effective thrust coefficient, and the advance- 
diameter ratio. 

The test procedure adopted (see reference 2) was to 
make propeller-calibration "tests (fig. 5) at the propel-ler- 
blade angles and the tunnel speed (in order to eliminate 
Reynolds number effects) to be used for the tests. The. 
calibration was made for" only one mode of rotation but was 
used for all modes of rotation. For each test the prooeller 
speed was adjusted in such a way that for each lift coeffi- 
cient the effective thrust coefficient, as de't orrrdned from 
figure 5, matched the effective thrust coefficients of the 
airplane. The airplane power conditions are given -in fig- 
ure 6. Tho yaw tests were made at a constant value of pro- 
peller speed corresponding to the proper value of effective 
.thrust coefficient for zero angle of yaw. 

TESTS AND RESULTS 

lest condit iona * - The tests were made in the LHAL 
7- by 10-foot tunnel. (See reference 3.) All the tests 
with flaps neutral were run at a dynamic pressure, of 16.37 
pounds ner square foot, which corresponds to a velocity of 
about 80 miles per hour under : standard sea-level conditions 
and to a test Reynolds number of about 730 , 000 based on 
the mean aerodynamic chord of 12.009 inches. The effective 
Reynolds. number R 3 was about 1,170,000, based .on a turbu- 
lence factor of 1.6 for the 7~ by 10-foot tunnel. The 
tests with flaps deflected were run at a dynamic pressure 
of 4.09 pounds per square foot, which corresponds to a 
velocity of about 40 miles per hour under standard sea- 
level conditions, a test Reynolds number of about 365,000, 
arid an effective Reynolds number of about 586,000. 

Coefficients..- The r esult & ■ of the tests are given in 
the form of standard SFACA coefficients of forces and moments 
based on model wing area, wing span, and mean aerodynamic 
chord. All moments are given about the cent er~ of-gravi.ty 
location on the fuselage reference line and at 26 percent of 
the mean aerodynamic chord. The data are . referred to the 
stability axes, a system in which the X axis is the inter- 
section of the plane of symmetry of the airplane with a 
plane perpendicular to the plane 1 of symmetry and parallel 
to the relative wind direct ion , the Y axis is perpendic- 
ular to the plane of symmetry, and the Z axis is in the 
plane of symmetry and perpendicular to the X axis. In 
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other words, the stability axes are the regular NACA wind 
axes rotated in yaw with the model. The coefficients are 
defined as follows: 

C j) drag coefficient, propellers removed (x/qS) 

Cr), resultant drag coefficient (x/qS) 
B 

Cy lateral-force coefficient (Y/qS) 
Cl lift coefficient (z/qS) 

Gi rolling-moment coefficient about center of gravity 
( VqSb) 

C m p itching-moment coefficient about center of gravity 
(m/qSc) 

C n yawing-moment coefficient about center of gravity (n/qSb) 
C Y static lateral-force derivative! -_X] 

Cl , static rolling-moment derivative I — —) 

^ \ B\|/ / 

C static yawing-moment derivative [ , 

H \^ 

T c 1 effective model thrust coefficient (T e ! /qS) 

T 

T P effective propeller thrust coefficient — %- ^ - 0.876 XT' 



c 

where 



PV D 



X force along X axis* positive when directed backward 

Y force along Y axis» positive when directed to right 

Z force along Z axis* positive when directed upward 

I rolling moment about X axis, positive when it tends 
to depress right wing 

m pitching moment about Y axis» positive when it tends 
to depress tail 

n yawing moment about the Z axis* "oositive when it 
tends to retard right wing 
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q dynamic pressure (\ pV^ ( 16.37 or 4. 09 lb/sq ft) 

S wing area ( 6.759 sq ft) 

c mean aerodynamic chord (1.001 ft) 

'o v/ing span (7.2 61 ft) 

v/ nD advance-diameter ratio 

T e effective thrust per engine, pounds 

T e ! total effective thrust, pounds 

P mass density of air, slugs ^er cubic foot 

X airspeed, feet per second 

D propeller diameter (l.oSS ft) 

n propeller speed, revolutions per second 

N propeller sT)oed, revolutions per minute 



a nd 
a 



angle of attack of fuselage reference line, degrees 



a u uncorrected angle of attach of fuselage reference 

1 i n ^ j da g rees 

\V angle of ya^, positive when nose of model moves to 
right* degrees 

1* angle of stabilizer setting with respect to fuselage 
reference line, positive when trailing edge' moves 
down, get at 1 . b° , degrees 

6 a aileron deflection with respect to wing chord, positive 
when trailing edge of aileron moves down, degrees 

5f flap deflection, positive when trailing edge of flap 
moves down, degrees 

6 elevator deflection, positive when trailing edge of 
elevator moves down, degrees 
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6 r rudder deflection, positive when trailing edge of 
rudder moves to left, decrees 

(3 angle of propeller-blade setting at the 75-percent- 
radius station 

Sub scr ipt s : 
R right 

1 inboard portion of duplex flap 

2 outboard portion of duplex flap 

Qorrect ip&a «- The lift, drag, and pit ching-moment 
coef f ics ients , except for the win^; alone, have been approx- 
ImateXy corrected for tares caused by the model support. 
These tares for the complete model, with propellers off and 
at zero yaw only, are given in table X« They were obtained 
from tests of a similar model with a dummy support. So 
tare corrections were made for the wing alone. 

The angle of attaclc, the drag coefficients, and the 
-Ditching-moment coefficients have been corrected for the 
effects of the tunnel walls. The jet-boundary corrections 
applied were computed as follows: 

Induced*- drag correction, 

AC D . = 6 S C L 8 CD 

Induced angle- of attack correction, 

A a = 6 5 C L (57.3) (2) 
1 C 



Pitching-moment-coef f icient correct ion, 

AC B = 6 a § ~S c L (57.3) /f d /q g 



(3) 



A-l corrections are added to tunnel data. In equations (l), 
(2), and (3): 



0. 114 



6, =0.0 80 
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C tunnel cross-sectional area (69,59 sq ft) 
dC m 

r~ change in pi t ching-moment coefficient per degree 
t change in stabilizer setting as determined from 
previous tests of model with flaps neutral and 
deflected and with power on and power off 

q Q free-stream dynamic pressure 

q average dynamic pressure across tail span 
s 

Substitution of the various factors In the equation 
gives the following simple, approximate formula for flaps 
either neutral or deflected, power on or power off: 

AC m = 0.G15 C L 

No j et- "boundary corrections were made to the rolling- 
moment or y awing-moment coefficients. The corrections may 
he applied "by use of the following approximate formulas, 
which were derived for the unyawed model out which may "be 
used to correct the lateral and directional stability 
criterions determined at small angles of yaw: 



ACi « 0.974 AC l (4) 



AC n = AC n - 0.016 AC 7 C T + 0.074- ACj (5) 

y c 3 u ^u * u 

where the subscripts may "be defined as follows: 
y increments due to yaw (dihedral effect) 
c corrected values 

u uncorrected values, which are given, without cub- 
scripts, in the figures of test results 

It should "be emphasized that the increment a of roll- 
ing moments and lift coefficients used in equations (4) 
and (5) are due to the wing and flaps alone and do not in- 
clude the effects of power, model asymmetry, the tail sur- 
faces, or the fuselage in producing lift or rolling moment. 
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For convenience in locating the result 8 » a resume of 
the tests and of figures In which the results a .re presented 
is given in table II. Also, the abbreviations used to 
designate the various model conditions are given. 



DI SOU SSI ON 



Power-on static- stability tests were made of the wing 
alone, the wing and fuselage, and the wing, the fuselage, 
and the tail surfaces for three modes of propeller rotation 
and two representative model conditions. The tests are, 
of course, not complete enough to determine interference 
effects, but they do provide so.ne insight into the contri- 
bution of the various components of the model to its sta- 
bility characteristics for the conditions tested. The 
pitch tests were made at ±o° 7 aw an( i were used not only to 
obtain a measure of the lateral- stability derivatives but 
also as a measure of the longitudinal- stability character- 
istics of the model. This method of obtaining longitudinal- 
stability characteristics is considered to give a reasonably 
good approximation, and its accuracy may be estimated from 
the data presented for the yaw tests, which show the differ- 
ence between the pitching moment at 0° yaw and .+5° yaw. 
In any case the lift, drag, pnd p i t ching-:.:oment data are 
presented for both the +5° yaw runs in pitch* 

The maximum lift coefficient of the model with full- 
span duplex flaps was about the same as obtained in unpub- 
lished tests previously made on the same model with partial- 
span flaps because of the manner in which the wing stalled. 
The stall might occur differently at full-scale Reynolds 
number. Below the stall the addition of the flaps at the 
wing tips increased the lift coefficient by about the ex- 
pected amount and, relative to their effect upon the sta- 
bility of the model, the duplex flaps were thought to be 
r 3p r e sent a t i ve of practical arrangements of full-span flaps. 

Some of the wing-alone tests, with the wing in landing 
conditions, were repeated with split flaps added to the 
center section normally occupied by the fuselage (fig. 3). 

The stat ic- stability data are presented in figures V 
to 18, which show the effect of mode of propeller rotation 
on the various characteristics in yaw and in pitch for each 
model and power condition tested. Tests with the propeller 
removed are presented for the landing condition for compar- 
ison. It was not considered necessary to discuss the 
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figure 8 individually; only general trends are "pointed out. 
The resume of the tests, previously given, and the titles 
on the figures are self-explanatory. 

lt\ longitudinal stability. r The curves avowing the vari- 

ation of pitching moment with angle of attack indicate 
that mode of rotation has some effect on the magnitude of 

& the pitching- moment (trim) hut has little effect on the 

static longitudinal stability for the wing alone or for 
tho wing plus fuselage. The fuselage is destabilizing. 
The wing alone with flaps neutral is unstable; the wing 
alone with flaps deflected is slightly stable; and the Wing 
alone with fuselage and flaps is J* it about neutrally stable. 
The tail surfaces are stabilising for all nodes of rotation 
on the clean model and for rotation mode P^p^L on 
model with flaps deflected. The tail surfaces do not mate- 
rially change the stability for the model with flaps de- 
flected and rotation mode P1RP2R but decrease the stabil- 
ity slightly for rotation mode PiL ? 2R- Ti ' ie complete model 
With flaps neutral has the greatest stability with rotation 
mode PlL ? 2R' is slightly less stable with mode ?i2 P 2'R' 
and is least stable (even unstable over high angle- of- at tack 
range) with rotation mode P1RP2L (fig* ^ ? )- * he complete 
' model with duplex flaps deflected, however, has the greatest 
stability with mode PirPsl' is » l ****** iess stable with 
mode P 1B Po R i and has the least stability with mode Pii?2R- 
The difference in stability and trim of modes Pir ? 2r and 
P 1L P 2R With the duplex flaps is about the same as with the 
partial-s^oan flaps, as |faown by unpublished data. It is 
probable that these two modes of rotation would g-ive about 
the same stability if the tail setting was adjusted to give 
the same trim. 

The contrasting effects of mode of propeller operation^ 
upon the stability for the conditions with flaps neutral and 
with flaps deflected are rather difficult to explain. Only 
the main" argument s as they apply to this model are indicated 
although several different effects must be considered in the 
general case. ?or the condition with flaps neutral the 
sheared and friightjty distorted slipstream passe* over the 
tail and the effects 01 slipstream rotation are as would be 
expected. For the condition with flaos deflected, however, 
the increased downwash displaces the slipstream furtner 
downward and the slipstream shearing, the rotation damping, 
and the distortions are greatly increased. The direct ef- 
fect of rotation is almost entirely eliminated at the normal 
tail location, since the si ip s t r earn pa s s e s below the tail, 
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and therefore the main component of rotation is along the 
tall span (sidewash) rather than normal to the tail span 
(downwash). The indirect effect of rotation is thus more 
important for the condition with flaps deflect ed , than for 
the condition with flaps neutral. This indirect effect 
is simply that a different portion of the sheared and dis- 
torted slipstream field is passed near the normal tail 
location for the different modes of rotation. The portion 
of the downwash field near the normal tail is more desta- 
bilizing for the propellers rotating up in the center for 
this model. Air-flow surveys behind similar twin-engine 
models made at the Laboratory also showed this difference • 
in the effects of mode of oropeller rotation on the downwash. 

Lon gitudinal trip changes in yaw . - The variation of 
pitching moment with angle of yaw is apparently a complex 
function of the mode of rotation and the model condition. 
The curves of p it ching-moment coefficient against angle of 
yaw were reasonably symmetrical about the zero yaw axis 
for all model conditions for the symmetrical modes of rota- 
tion ( f iL p 2R and p ir P 2L^ - For the symmetrical mode 
(Pi&P^r) there was a marked increase in the stalling 
moment over the positive yaw range and a marked decrease 
in the stalling moment over the negative yaw range for the 
wing-alone cases (figs. 7 and 8). The addition of the 
fuselage reduced the difference between the unsymmet r ical 
mode and the symmetrical modes. The further addition of 
the tail (complete model) resulted in a very unsynmietr ical 
p it ching-moment angle-of-yaw curve for the unsymmetr ical 
mode of rotation. The magnitude of the increment of pitch- 
ing moment due to yaw is, in general, large for the complete- 
model condition. 

s.t§,^.i±.itZ. iT Power increases the directional 
instability of the wing frith flaps. The fuselage increases 
the instability. The tail surfaces make tne model stable. 
Mode of rotation does not appear to have a great deal of 
effect upon the stability for the condition with flaps neu- 
tral but has some effect for the condition with flaps de- 
flected. It appears from figure 18 that for an a greater 
than 5°, PipP^L is the lT * 0st stable mode, ~? 1 H P 2 R next, 
and Pi l p 2 R the least stable; for a less than 5° the 
order is reversed. 

^irec t i^ona^^r im^- The mode of propeller rotation has 
a large effect on directional trim and on the general shape 
of the yawing- moment curves for the condition with flaps 
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deflected. The smallest changes in trim due to propeller 
operation are associated with the symmetrical rotation 
mode 8 • 

Rolling; s,t atl 1 i t y . - The model with flaps neutral is 
stable in roll with all rotation modes. Lode PirPsL is » 
in general, the Lost stable, ^ip^n next, and ?il p 2R 
the least stable. With flaps deflected the model is stable 
only in the low-lift range with power. The tail surfaces 
are stabilizing. In the high-lift range the least loss in 
stability due to propeller operation is obtained by use of 
mode Pi^EL' tlie other modes being approximately equal 
over this range. The greatest stability, however, over 
the lor- lift range resulted from the use of mode Pil p 2R # 

i fcft- and effective thrttfo ** The mode of rotation 
P 1L P OR (with the tips of both prooellers coming u? in the 
center) gave the highest lift and greatest effective thrust; 
the mode of rotation PjjPsB (with both r i & ht-he nd *pr op el- 
lers) gave a medium value of lift and effective thrust; and 
the mode of rotation P lR ? 2L (with the propeller tips go- 
ing down in center) gave the lowest lift and effective 
thrust for a given angle of attack for the model. The spe- 
cial effective-thrust tests (figs. 19 and 30) also showed 
this effect. Although the torque was not directly deter- 
mined, there was no measurable difference in the minimum 
current input to the motors (an indication of the torque 
for these motors) due to mode of rotation. The effective 
thrust-coefficient data of figure 19 were computed directly 
from the measured power-on and power-off drags of the model 
at the given tunnel angles of attack; that is, the data are 
uncorrected for the increased induced drag due to the in- 
creased lift resulting from the action of the slipstream.. 
The increase in effective thrust for rotation mode PiL p 2R" 
over that for Pih p 2L appears to be due to better wing- 
nacelle interference for the rotation node with nroDeller 
tir^s coming up on the inboard side of the nacelle; that is, 
the slipstream twist accompanying this mode of rotation 
improves the pressure recovery over the nacelles. 

This interpretation is supported by subsequent tests 
of a model of another twin-engine airplane, in which the 
most efficient mode of rotation was found to be with the 
tips of both propellers goin^ down in th^ center. The dif- 
ference of model configuration is thought to account for 
the difference of interference effects* 
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Because of the low scale of the present tests and the 
large variation of interference phenomena that may accom- 
pany changes of scale, it is recommended that the effect 
of mode of propeller rotation on propulsive efficiency he 
determined at higher Reynolds numbers. The lift data of 
figure 20 include all components of lift acting on the wing- 
propeller unit. The thrust component in the negative lift 
direction is apparently the greatest component of lift for 
the runs at ~ -4.8°. 

Power-off aileron tesAs*- The effects of aileron de- 
flection on the aerodynamic characteristics of the model 
in the landing condition at zero yaw, power off, are shown 
in figure 21. The aileron rolling-moment effectiveness is 
not linear and falls off rapidly with positive deflections 
greater than about 10°, possibly "because of the low scale 
of the tests. The arnoiint of rolling moment due to an ai- 
leron deflection of -2C° varies markedly with model attitude. 

More recent unpublished tests of ailerons with duplex 
flaps on a Ic.rge semispan wing shov/ed that the ailerons 
probably would rave been more powerful provided, the 
balanced split flaps had been located farther below the 
wing (larger gap) and farther back. The change in lift 
characteristics due to moving the flap to this new position 
appeared to be negligible. 

CONCLUDING REMARKS 



The results of the present investigation indicate that 
the mode of propeller operation has a considerable effect 
upon lateral and longitudinal stability and may have an ef- 
fect upon propulsive efficiency. The best mode of rotation 
from considerations of stability is dependent upon the 
flight condition and also upon the configuration of the 
airplane. Oppositely rotating propellers with the tips 
coming up in the center appeared to give the highest pro- 
pulsive efficiency for the wing-nacelle arrangement used 
in the tests. Because this effect was attriouted to inter- 
ference, it should be carefully checked at higher Reynolds 
numbers. Only a brief analysis has thus far been made of 
the results of the present investigation. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 



13 



REFERENCES 



Harris, Thomas A., and Purser, Paul E . : Wind-Tunnel 
Investigation of Plain Ailerons for a Wing with a 
Full-Span Flap Consisting of an Inboard Fowler and 
an Outboard Retractable Split Flap. MACA A.C.R., 
March 1941. 

Recant, Isidore G. , and Swanson, Robert S. : Determina- 
tion of the Stability and Control Characteristics 
of Airplanes from Tests of Powered Models. EACA 
A.R.R. ■ July 1942. 

Wenringer, Carl J., and Harris, Thomas A.: Tfind- Tunnel 
Investigation of an N.A.C.A. 26012 Airfoil with 
Various Arrangements of Slotted Flaps. $ip* No. 664, 
KACA, 1S39. 



14 



TABLE I 



CTTTDT3 Pi*D HP 


STEUT TABES 


USED IN 


C <WP T TT T lift 




'THE COEFFICIENTS 




de t ermin 


ed for a model sirnila 


r to the X3- 


H 

(deg) 


ACt 


AC-,-, 


ACn 


-10 


-0 .004 


0 .0062 


-0.003 


~V 


- .002 


.0062 


- .003 


~8 


- .001 


.0056 


-.003 


-7 


.001 


. 0053 


- . 003 


— 6 


.002 


.0049 


-.003 


- 5 


.002 


.0046 


-.003 


-4 


.001 


.0043 


-.003 


~3 


- .001 


.0039 


- .002 


-2 


- .002 


.0037 


- .002 


-1 


- .004 


. 0033 


-.002 


0 


-.005 


.00.31 


- .002 


. 5 


- . 007 


. 0029 


-.002 


1 


a r\ o 
- . 00 o 


"i Pi *T Q 


-.002 


2 


- .009 


.0025 


- .002 


•z 
O 


- .007 


.0022 


- . 002 


4 


- .005 


.0020 


— . Jvo 


5 


- .003 


.0017 


- . 002 


6 


- .002 


.0015 


- .002 


7 


- .001 


.0012 


- .001 


8 


- .001 


.0010 


-.001 


10. 6 


0 


0 


0 
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CM 

RESUME OF TESTS AND FIGURES 



Test 


Model description 


i> 

(deg) 
(b) 


a u 
(de*) 
(b) 


Power 
condition 


q 

(lb/sq ft) 


Figure 


Configuration 


Condi tion 


Propeller 
rotation 
node 

(a) 


. 

P 

(deg) 


6 

(dig) 


6 

(deg) 


6 

(deg) 


1 

(deg) 


110 


Wing-*- fuselage 


HIph-speed 


P 1R P 2L 


40. e 


0 








5 




CRated 


16.37 


13 






















power 






111 


— - do 




- do - 


40 . 5 


0 










7.8 


-do-- 


16.37 


11 




do 


do 


- do - 


40 . 5 


0 








_ c 




-do — 


16 .37 


13 


113 


do 


do 


P 1L P 2R 


40.5 


0 








-5 




-do-- 


16.37 


13 


114 


do 


do 


- do - 


40.5 


0 










7.8 


-do— 


16.37 


11 


lie 


do 


... do — 


- do - 


40.5 


0 








5 




-do— 


16.37 


13 


116 


do 


do 


P 1R P 2R 


40.5 


0 








« 5 




-do— 


16.37 


13 


117 


do 


... do --- 


- do - 


40.5 


0 










7 » 8 


_do-- 


16 . 37 


11 


118 


do 


do 


- do - 


40.5 


0 












-do-.- 


16 '.37 


13 


119 


Complete model 


do 


- do - 


40.5 , 


o 


0 


0 


1.5 


-4.9 




-do— 


16.37 


17 


120 


^° 


do 


- do - 


40 . 5 


0 


0 


n 


1.5 




7.8 


-do — 


16.37 


15 


121 


CO «- 


^° 


- do - 


40.5 




o 


o 


1.5 


4.8 




-do-- 


16.37 


17 


122 


do 


do 


P 1L P 2R 


40.5 
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a Definltlon of symbols: 

P,_ left-hand motor, right-hand propeller 
An 

P 00 right-hand motor, right-hand propeller 
Ha 

P left-hand motor, left-hand propeller 

P gL right-hand motor, left-hand propeller 

D Range of values indicated when numerical values are omitted. 
c 1625 hp at 25,000 ft. 
d Values of 6. . 

a R 

e 2000 hp at sea level. 
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do 

do ----- 

do 

do 

do 

do 

do 

do 
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do 

do 

do 

do 

do 

do 

do 
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Landing 
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— - do - 

do - 

do - 

do - 

do - 
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--- do - 
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--- do - 
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--- do - 
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do 
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- do — 
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- do — 
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- do — j 

- do — 

- do — 
Thrust 
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bration 
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pellers : 
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- do-- j 
Thrust I 
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- do — 
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_ do-- 
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definition of symbols: 

P left-hand motor, rlp;ht-hand propeller 
IK 

P 2R r *S nt "h an d motor, right-hand propeller 

P^ L left-hand motor, left-hand propeller 

P 2L ri ^ nt_nanci ™otor, left-hand propeller 

bRange of values indicated when numerical values are omitted. 

•2000 hp at sea level. 

^Without center-section split flaps. 

KWith center-section split flaps. 
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Sfajb///z<rr ^eft/ffj /° 3o' 




Figure /. - 7~/>r~<?e c/rawtj? oS^Ae /Vor/-/? ^/ne^'C** 



NACA 



Fig. 2 




Figure 2b.- Three-quarter rear view of the 1/10-scale model of the North American 

XB-28 airplane mounted in the 7- by 10-foot wind tunnel. Horizontal tail 
H 7 7.5 duplex flapfi deflected, landing gear extended, and propellers on. 



NACA Fig. 3 




Figure 3a.- Three-quarter front view of the wing of the l/10-scale model of the North 

American X3-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex 
flaps deflected (split flap over center section normally covered by fuselage), landing 
gear extended, and propellers on. 




Figure 3b.- Three-auarter rear view of the wing of the 1/10-scale model of the North 

American XB-28 airplane in the 7- by 10-foot wind tunnel. Fing with duplex 

flaps extended (split flap over center section normally covered by fuselage), landing 
gear extended, and propellers on. 
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Figure r 'Effect !v± thrust coe/f/c/e^s for the power conditions simulated in the tests of the ^-sca/e 
model of the North American XB~£B airplane. 
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choracfsnrfvcj m yau> of the. i/io-scoJe compete mode/ of the 
tfarth fiim&r/c^on XEr-fi£j a/r/>fciK>e. L^d/no condition ; /and*^ dou>n; 

<w /%?ps c/osedj 4 err; 6a, s ri S e) 0°; <fy , if , #»5 

<^ pounc/s per square foot. *" 
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(b) l/or/af/en of C/? t C z J and Cy with yr. 
Figure. Ibr Cbnc/ucted 
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Anq/e of attack, CC, deg f^y^a^JL ^?t£ >^J 
(a) Aerodyvo'W/c choracter/sf/cs /n p//eh. y 
Figure. 17 > Effect of propeller rotatjor) on the _erodyn&ni/c cb^r^cte^" 
t/cj of t/ie '//o-jcA/e camp/etc rnod.e I of the Worth fimenctxr) X0-o^9 
Air)b/ane. ///g/W/beed condti/on ) l&Yidmq oedr i/£ ; x^/ f/aps c/os<?e/j 
r&fed 'poorer j £ 403" ; £ ( £ , <dT^ ; <2°; ^ /6.37 poo/?ds p<2*~ ^souore foot 
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Figure 17' Concluded. 
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Angle of- attack, oc ? deg 

fa) A Pro c/t/rt&m/c Cf?or&c/er'/5f L / c S /n ps^C/h, 

Figure I6r Effect of boujer and ybrcyfcel/er rct<xt/on on the. aerodyn&rn/c 
cfto^&cterist/cs or the. V/o-jca/e com^/ete inode/ of the North .Pimer- 
/can XZ3-^<5 &\rbl<$ne L^ndmq cond/tion j /and/ no oe^K dou/n^ 

Cf, 4,o9 poor? c/s per zjuare ^oot 1 : 
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Fig, 18b 
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(b) - siah//jfy cfer/yafrvGs //? yet** 

Figure Idr Concluded- 
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Figure flr Effective thrUsf coefficient a c /*<sv? or* for f/?<s '//D-scaJe moc/e/ wng of fhe /Votfh 

Amer/car? XB ?& Q/rp/ane . M/j?f? speed cor>c//f/o/> ? /c?/?c//f)$ <?<?or op j&^osfjf 0* J y ; M,37 poo/?ds p&r Sfuore foo+. 
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/-fop e//er Qet\faj9ce - cftom e/erra //j£> 
f~jgure/20r Lift coefficients at given tunnel angle, of attack and propeller rotation mode as funct/onsof V/r\0 

for the ///O-^ca/e tooafe/ JMy of /Vo -/4/ner/co/? X&~<26 Q/r/o/a/i e . -^s/oce af concf/f/o/tj 

/onc///7<? <?eor c/pj & t Sf } 0*j 0^^.37 poonc/s per scyt/asefooJ: 
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Lift coefficient C L , - 

cz<Tn>*/yr>*>r3S£ c^ra cj/er;* /+, yp,*z4 tVe Jfc~~?c*/e ***</<?/<?*'//$£ 

/Ver//? ,/f#> esscu?Ji e. ^Cayya'y^y C*n*///sa*9j /ano / /s?p ^>&<?r down, 

4> i °° j fyj 45* J &f , 40*j c£, 4.09 pounds per &yc/or& /bo/; 
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